Abstract -This project concentrates on the design of Fiber Bragg Grating (FBG) based encoder and decoder modules for Spectral Amplitude Coding of Optical Code Division Multiple Access (SAC-OCDMA) system. In SAC-OCDMA system, the unique code sequence is formed by using spectral components which are inherently arranged. This is done by multiplexing the Bragg wavelengths from an array of FBGs. However, the Bragg wavelength is largely depends on the strain and temperature experienced by the gratings. This paper presents the effects of the Bragg wavelength shifting of the uniform FBG used in the encoder and decoder modules for an SAC-OCDMA code to the system performance. The results show a sharp increase of bit error rate (BER) from 10-12 and 10-14 to 10-4 and 10-5 for Channel 1 and Channel 2 respectively at 0.01 nm Bragg wavelength left and right shifts. It shows that the system performance is significantly affected by the shifting of the Bragg wavelength.
I. INTRODUCTION
The SAC-OCDMA system is receiving considerable attentions because of its capability to eliminate multiple access interference (MAI) and to suppress the effects of phase induced intensity noise (PIIN) which are the main reasons of the degradation of the system performance. This is done by designing the coding scheme with an ideal in-phase cross-correlation AC between the code sequences.
Various approaches have been used to develop the encoder and decoder modules in order to generate the unique code sequences such as the employment of lenses and diffraction gratings with a patterned mask, fiber delay lines (FDL), arrayed waveguide gratings (AWG) , and the use of uniform or tunable fiber Bragg gratings (FBG) [1] [2] [3] [4] . For the FBG-based encoder and decoder modules, the Bragg wavelength largely depends on the strain and temperature introduced to the gratings [5] [6] . These two elements will shift the value of the Bragg wavelength of the FBG.
Meanwhile, in order to achieve an ideal AC the wavelengths assignment for the code sequences are restricted to certain values of Bragg wavelength and linewidth. Hence, the shifting of the Bragg wavelength will give a significant effect on the system performance.
II. MDW CODE
The encoder and decoder modules developed in this project are mainly designed for the DW code family. The MDW is an SAC-OCDMA code from the DW code family which allows higher code weight, w specifically any even number of w greater than 2. The major attraction of this code is the ability to maintain the cross-correlation value, [7] [8] [9] . In MDW code, the chips which represent the high bits of a code sequence are always allocated in-pair. Thus, the number of FBG used for an encoder or decoder can be reduced by half since a pair of chips can be covered by a single FBG with a broader linewidth.
III. WAVELENGTH SHIFTS
As mentioned before, the Bragg wavelength which also known as the reflected wavelength is largely depends on the temperature and strain introduced to the gratings. In SAC, a unique code sequence is constructed with inherently arranged spectral components. Every wavelength for a unique code sequence will has a certain linewidth and the code sequences used in the system will overlap once between any two code sequences. Therefore, in any two code sequences, the overlapping should take place at maximum half of the Bragg wavelength's linewidth ( AC = 1 ).
Hence, the fact that the temperature and strain will affect the value of an FBG's reflected wavelength will subsequently affect the overlapping region between any two code sequences which finally reduced the system performance.
The wavelength shifts are studied by introducing the shifts to a wavelength in Channel l's code sequence. The wavelength chosen is the overlapping spectrum with the other unique code sequence. Meanwhile, the wavelengths in Channel 2's code sequence and the wavelength which represents the overlapping chip are remained unchanged. The effect of the wavelength shifts in Channel 1 is studied by using two conditions of the right and the left shifts. The wavelengths assignment for the right and left shifts are shown in Table 1 and Table 2 , respectively. Table 1 shows that Zkl spectrum is shifted to the right to the new wavelength values for every O.Olnm. In the meantime, the spectrum at Channel 2 Ak2 is remained static. In Table 2 , Zkl spectrum is shifted to the left with an identical movement as in the right shifts. As shown in these tables, the code weight w used is 2 (DW code). This is done to make the observation easier since the shifting of the spectrum will only cause the widening or narrowing the overlapping region of the in pair chips in Channel 2. The movements or the shifts of the spectrum are best described by using Fig. 1 which represents the right shifts. In this figure, the spectrum is assumed to be in ideal rectangular shape. Fig. 1 (a) shows the original spectra of Channel 1 while the shifted spectra of Channel 1 are shown in Fig. 1 (b) after a shift to AZR. It is assumed that the spectrum is shifted by the FBG's center wavelength in both encoder and decoder modules. Following that, the shifted spectra of Channel 1 are combined with the spectra of Channel 2's code sequence which shown in Fig. 1 (c) , resulting a narrow shaded area which indicates the chips overlapping area as shown in Fig. 1 (d) . After the transmission, the decoded spectra of Channel 1 are consisted of the mixing in the original spectra and the overlapping area as shown in Fig. 1 (e) . The overlapping area represents the information which belongs to Channel 2 and this is considered as a noise to Channel 1 decoder.
As mentioned before, the spectrum of the overlapping chip AC is un-shifted. Hence, the spectrum detected at the subtraction branch is illustrated as in Fig. 1 (f) and Fig. 1 (i) for Channel 1 and Channel 2 respectively. The Channel l's resulting spectra after the subtraction process is shown in Fig. 1 (g) which indicates that the received spectra is still having the unwanted signal shown by the shaded area. Meanwhile, the resulting spectra of Channel 2 shows that the noise is completely eliminated but somehow, part of its' original spectrum is lost which is shown in Fig. 1 (j) .
IV. SIMULATION SETUP
The simulation setup for this study is shown in Figure 2 . Single FBG is used for every encoder module even though w of 2 is used in the code sequences. This is possible since the chips in DW and MDW codes are always in pair. The pattern of the graph for the left spectrum shifts is almost the same with the right spectrum shifts which is shown in Fig. 4 . At the minimum acceptable BER of 10-9, the left spectrum shifts are estimated to be at as small as 0.003nm and 0.0039nm for Channel 1 and Channel 2, respectively.
VI. CONCLUSIONS After broadening the scale of the spectrum shifts, it is estimated that at BER of 10-9, the allowable right shift of the FBGs' center wavelengths is as small as within 0.0029nm and 0.003 1nm. It means that, the system performance started to worsen at the FBG's spectrum shift of 0.003nm to the right.
In SAC-OCDMA system, the benefits of FBG as the main component in the encoder and decoder modules has becomes popular. Its' advantageous including the ability to select the wavelengths by slicing the broadband source to form the code sequences, the simplicity in designing the encoder and decoder modules and even the cost of a fixed uniform FBG is fairly reasonable [10] [11] [12] [13] [14] [15] [16] [17] . However, since the Bragg wavelength value is unstable due to the influenced of the temperature and strain to the FBG's grating, the use of FBG may becomes less popular to the code sequences which are restricted to wavelength assigned for each of the code sequence especially in term of the overlapping chips. It has been shown that, a small shift of 0.003nm in the FBG's reflected wavelength will lower down the system performance to the minimum acceptable BER of 1o-9.
